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In the exam:

1- Use atomic units
2- Write your answer on one side of the answer sheet.
3- Each question answer should be in separate sheets.

4- For the spin states, define your state as ‘TT> , or ‘+;+;> or \aa}, for two
parallel upward spin particles.
5- All problems have equal weight. So, it is up to you to start with the simple

one.
6- If your answer is yes, or no, you have to give the reason, or reasons.
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1- Is the helium monatomic gas? Yes
Helium molecule (He,): has four electrons, two in the bonding statec,1s and two in the

antibonding state o, 1s; that is, (0915)2 (0':18)2
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The bond order for the helium molecule is % =0, i.e. no stable configuration is produced, so

He, does not exist. This explains why helium is a monatomic gas.

2- Is the function ¥ (1}, 1,) = By40 (1) Broo (1) Zuipie COTTECt to describe the ground state of He-
atom?  NO [ 7y IS the two-particle spin triplet state,]

w(r,,r,) should be antisymmetric, but both functions ¢, (%) ¢, (7,) and z,,. are symmetric.

3- Is Zeeman'’s effect can be seen for the two electrons in the s-state? No

For two electrons in the s-state, one finds m, =0and m, =0, SO AE oc (m, +2m,) =0

4- Is the uncouple function |/m,)|sm,) suitable for the perturbation L.S ? No

|¢m,)|sm) will not diagonalizes the term L.S .
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5- The following figure shows the H-molecule, see; write down the full Hamiltonian of the system.

Schematic diagram of hydrogen molecule

Answer:
H :—lvi —EVE +I—i(1)+|—i(2)+i+1
2 2 1
where
H(i)=-tv2(i)-— -1 i 212
2 r-Ai r-Bi

6- Use the spin wave function for an electron v =a o +b 3, where a and b are constants, to
complete the following equations:

A 1(1 3
Sy==|=+1|ly==
v 2(2 j\u 7V

m 1
Sy ==
V=gV

7- Classify each of these functions as symmetric (S), antisymmetric (A), or neither symmetric
nor antisymmetric (N).

function classification
f(Dg(2)ad)a(2) N
(O (2)[aL)B(2) - a(2BA)] A
HOLHOHOBOOHE) S
e (%) N
[f(®)9(2)-f(29@)][()B(2) - a(2)BD)] S
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: 1 . : .
8- Two electrons, each with spin S are in s-state. If the perturbation term is:
H'=AS.S,

where A is positive constant:
a- Calculate the energy eigenvalue, or eigenvalues, of the perturbation.

b- Draw a diagram showing how the energy levels of H' split.

Answer: Calculate the energy eigenvalue, or eigenvalues, of the perturbation.

1 1
sl=§,sz=§:s=0,1
& _1rer &2 &
sl.sz=§[s -$2-8¢]

f e A 1,1 1,1
El=<SMS|K81.SZ|SMS>=E{S(S +1)—E(E+1)_5(5+1)}

A 11 11 K 3
=— D-=(=+)-=(=+1 =— 1)——
Z{S(H) 2(2+) 2(2+)} Z[S(H) 2}
1 .
—  fortriplet
4 'P

3 for singlet
4
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9- The following figure is the transitions of anomalous Zeeman effect for of unknown states A and
B. What are these states?

Without With
Field Field iy
1
A —— e eeeeeee 0
-1
B L 2 ¥ X A 0
(o} T g
Answer:
Without With
Field Field
m
1
3SI ----------- 0
-1
B, v v Y 0
2L 2L
a T g
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10- A particle of spin % is in a p-sate of orbital angular momentum (I =1). Consider its

perturbed Hamiltonian is given by:
H=a+bLS +cL?
where a, b, and ¢ are constants. Find the energy values for each of the different states of the

total angular momentum J . (Express your answer in terms of a, b, and c).
Answer:

) ~2 2
H=a+bL.S +cL2=a+b(‘] LS )+cL2
13
J=22
22
LS f,s,j,mj>:%(f2—|:2—§2)‘f,s,j,mj>

L +) - +D=s(s +D)]| s, §,m; )

(L) =0(0+2)

E.§>:<I,s, J,m, E§

. ., . 3
|,s,J,mj>=7[1(1+1)—|(|+1)—ﬂ
N 1111 3
E, 1 :<H >,-:1,2 :a+b§{§(§+l)—1(1+l —ﬂ+01(1+1)
=a+b§[—2]+20:a—b+2c

13,3 3
E oy = (H >j_3/2 =a+b7{5(?1)—1(1+1)—ﬂ+c1(1+1)

:a+%[1]+20 :a+%+20
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11- For an electron in P-state, calculate:
- = 1 . 11— =, 1 1]- =, 1
L-S‘m( =0,m, :§>,hence find <0,E‘L-S‘O,E> and <1,—E‘L~S‘O,—>

2
Answer:
s o,1>:|;§z 0,1>+1(E+s”_+[_s“+) o,1>
2 2/ 2 2
LS, o,1>:L“Z (sfz 0,1>J=1(Ez o,§>j:3xox 1,§>=o
2 2/) 2 2/) 2 2
Timon 1\ 1-(c| 1 11 T~ 1\) 1.~ 1
e85 og)=30 503 = 36036 (50 o550 p3)
l«/1(1+1) 0(O+1)1_E> 1f‘1——>
%(L) %>=—1/1(1 1)-0(0- 1\/ (— 1)——(— 1)‘ >=
Then
— -l 1 1 1 1
(m,,m,|L SO’E> —2<m,,m IIL §>:$5mw15ms,§
<o,1‘t §‘0,3>=o,
2 2
1l— <[ 1\ 1
1-=|L-§|0,=)=—
g so3)- %

12- For the coupling of two non equivalent electrons NP N 'P , the relation between the coupled
and uncoupled for the upper states are given by:

22) = 11)
1 1
|21>=ﬁ|10>+$|01>

Calculate the next lower state.

Answer: |20 :i 1-1)+ Z 00 +i—11
J6 3 J6
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13- An electron in the state |n,/,s, j ,mj> with n =5. Use this information to:

a. Write down the ¢ values
Answer: ¢=0,12,3,4

b. Write down the highest state in the couple representation, i.e.

n,f,s,j,mj>.

'2'2'2
c. Write down the highest state in the uncouple representation, i.e. |£,m4,s,ms>.

st

Answer:‘é,s,j,mj>:‘4 19 9>.

Answer:|(,m,,s,m,) = 2'2

d. Use the lowering operator technique to calculate the next couple representation of the
results in part a in terms of the uncouple representation.

PEIIATE PR S A IV SR
2 3 2 2

Answer: =, —=
2 2 3 2 2

14- For two identical fermions in different states designated by N/ and n'/", the expectation term

<A>ZJ Tk
r12

Write J and K in terms of the wave functions of the two particles.
Answer:

2 2
) =[]drdr, b @ @
r12

1
of —is given by:
12

K =[[dzrdr, y; (1)w(1)riw2(2)l//4 2)

12
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14- Assuming the L.S interaction to be much stronger than the interaction with an external
magnetic field, calculate the anomalous Zeeman splitting of the lowest states

(281,2, P, 2P3,2)in Hydrogen for a field of 0.05 T.
Answer:

AE =H, =pA(L+25)-B =fg;m;B :,B{1+

JEA+)+S(S +1)-L(L +1)}m .
J

2J (J +1)
5 eV
= (5.788 x10 ?J g5 (0.05T)m,
With
g, =1+ JOA+D)+S(S +1)-L(L+D
2J(J +1)
State L S J (My) g AE (eV)x10°
) +3/2 +0.579
P., 1 1/2 3/2 (ﬂ/2 ) 4/3 10193
p 1 1/2 1/2 (£1/2) 2/3 +0.097
2S,, 0 12 1/2 (+£1/2) 2 +0.290




